1. Background {#sec147834}
=============

Hepatitis A Virus (HAV) and Hepatitis E Virus (HEV) are the leading causes of acute viral hepatitis worldwide ([@A32215R1]). Although these viruses spread by the fecal-oral route or through contaminated water, HEV can be transmitted through animals to humans from exposure to infectious body fluids of infected animals, transfusion of infected blood products, and vertical (maternal-fetal) transmission ([@A32215R2]-[@A32215R5]). Some epidemics of HAV infection have been described in hemophilic patients, who were treated with factor VIII and IX concentrates and in cancerous cases, who were treated with chemotactic factors like interleukin-2 ([@A32215R6], [@A32215R7]). Nowadays, following the use of treated or synthetic clotting factors, risk of HAV transfusion transmission is scares. In many developing countries, incidence and prevalence of these infections are very closely associated with poor socioeconomic and sanitation level ([@A32215R8]). Nevertheless, sporadic infections and outbreaks have been reported in developed countries, which mostly were associated with travel to endemic and epidemic settings like tropical and subtropical areas ([@A32215R9], [@A32215R10]). Hepatitis A leads to acute liver disease and often occurs early in life. The clinical range of hepatitis A is variable from asymptomatic infection to rarely fulminant hepatitis. Globally, around 1.5 million symptomatic cases occur each year ([@A32215R11]). Hepatitis E occasionally develops into an acute and severe liver disease and is fatal in about 2% of all cases. Most of HEV infections are acquired in late childhood or young adulthood ([@A32215R8]). Transfusion-transmitted HEV infection has been previously reported in some industrialized countries. Caution should be taken in high-risk groups like pregnant women, children, immunocompromised and transplanted recipients, where HEV infection may lead to hazardous transfusion-associated liver disease ([@A32215R12]-[@A32215R15]). The current study was designed to evaluate the HAV and HEV seroprevalence in blood donors of the Tehran city of Iran from July 2014 to December 2014.

The seroprevalence of HAV and HEV in Iran has been evaluated by some studies. On the other hand, most of the studies on seroprevalence of these viruses focused on patients with chronic liver diseases ([@A32215R16], [@A32215R17]), while community-based studies regarding HAV and HEV seroprevalence are limited in Iran.

2. Objectives {#sec147835}
=============

The main purpose of the current study was to evaluate the overall immune status of blood donors against HAV and HEV infections in Tehran.

3. Materials and Methods {#sec147839}
========================

3.1. Study Population {#sec147836}
---------------------

This cross-sectional study was carried out on volunteer blood donors, who were referred to donation sites of Tehran blood transfusion center from July to December of 2014. Tehran Blood Transfusion Center is the largest blood bank in Iran and is located in Tehran, with 38 fixed and 1849 mobile donation sites in the Tehran province and with approximately 360,000 donations, annually. The Tehran province is located in the north of Iran with a population of 12 183 391 (from the last census in 2011). Tehran city is the capital of the province and of Iran. In the 20^th^ and 21^st^ centuries, Tehran has been the subject of mass migration of people from all around Iran. In this study, a regular donor was defined as an individual who donated more than once during a year, lapsed donor was any donor who had a history of previous donation yet the interval between the two donations was more than one year, and first-time blood donor was a donor who donated for the first-time. All donor samples had negative results for hepatitis B surface antigen (HBsAg), anti-hepatitis C virus antibodies (anti-HCV), anti-human immunodeficiency virus type 1 and 2 antibodies (anti-HIV), and syphilis seromarkers. None of the donors had a history of HAV vaccination. All blood donors were interviewed by trained physicians at the blood donation centers, and a questionnaire regarding the viral hepatitis risk factors were filled for each case. The demographic data including age, gender, occupation, donation status and educational level was collected from the Tehran blood transfusion database. A total of 1-2 mL serum for each donor was collected. Collected sera were stored at -20°C until further analysis.

3.2. Laboratory Assessments {#sec147837}
---------------------------

Detection of anti-HAV IgG and anti-HEV IgG antibodies in the serum was performed using commercial enzyme-linked immunosorbent assay kits (DIAPRO, Diagnostic Bioprobes, Milano, Italy), according to the manufacturer's instructions.

3.3. Statistical Analysis {#sec147838}
-------------------------

Donors' characteristics were expressed by frequencies and percentages. Fisher-exact test, χ^2^ and one-way analysis of variance (ANOVA) were used for analysis of variables. P values of less than 0.05 were considered statistically significant. Statistical analysis was performed using the SPSS software version 16 and statistical graphs were generated using the Graph Pad Prism version 6.

4. Results {#sec147840}
==========

[Table 1](#tbl37877){ref-type="table"} summarizes the demographic characteristics of the enrolled blood donors (n = 559). The majority of the studied participants were male. About 50% of these participants were aged 18 - 37 years and 43% were holders of a university degree. In the present study, the mean ± standard deviation (SD) of age for the first-time donors was 34.2 ± 10.4, lapsed donors was 37.2 ± 9.9 and regular donors was 39.9 ± 10.0 (P ~One\ way-ANOVA~ \< 0.001). The overall prevalence of anti-HAV among our study participants was 70.7%. The rate of anti-HAV seropositivity within age groups, 18 - 27, 28 - 37, 38 - 47 and more than 47 years, increased gradually (26.7% in the youngest age group to 94.8% in the oldest age group) ([Figure 1](#fig27994){ref-type="fig"}). Sixteen (69.6%) female blood donors were tested positive for anti-HAV and 379 (70.7%) of male blood donors were seropositive for anti-HAV (P \> 0.05). Overall, 45 (8.1%) blood samples were positive for anti-HEV, where 43 (8.0%) samples were from males and two (8.7%) from females. There was no significant difference in HEV seropositivity by donors' gender (P = 0.7). Although the rate of anti-HEV detection was not significantly different between the 18 - 27 and 28 - 37 age groups, anti-HEV was detected more frequently in the 38 - 47 age group and the rate of detection was the highest in the \> 47 age group. On the other hand, about 50% of HEV seropositive donors were in the \> 47 age group. The HAV and HEV seroprevalence was significantly different regarding the level of education (P \< 0.05) with the lowest HAV and HEV prevalence found in university degree holders. Furthermore, donation status impacted HAV and HEV seroprevalence where regular donors had the highest HAV and HEV seroprevalence. In HAV-seropositive donors, 10.1% were positive for HEV serology, while, 3.0% of HAV-seronegative donors were HEV-seropositive (P = 0.004). Co-seropositivity of HAV and HEV was observed in 40 (7.2%) participants. It should be mentioned that all of the co-seropositive cases were male, however the difference was not statistically significant (P \> 0.05).

###### Seropositivity of Hepatitis A Virus and Hepatitis E Virus in Relation to the Blood Donors' Characteristics

                                  All (n = 559)   HAV                       HEV                                                                     
  ------------------------------- --------------- ------------ ------------ ---------------------------------------------- ------------ ----------- ----------------------------------------------
  **Gender**                                                                \> 0.999^[a](#fn40705){ref-type="table-fn"}^                            0.707^[a](#fn40705){ref-type="table-fn"}^
  Male                            536 (95.9)      157 (95.7)   379 (95.9)                                                  493 (95.9)   43 (95.6)   
  Female                          23 (4.1)        7 (4.3)      16 (4.1)                                                    21 (4.1)     2 (4.4)     
  **Educational level**                                                     \< 0.001^[b](#fn40706){ref-type="table-fn"}^                            \< 0.001^[b](#fn40706){ref-type="table-fn"}^
  Less than high school diploma   103 (18.4)      12 (7.3)     91 (23.0)                                                   85 (16.5)    18 (40.0)   
  High school diploma             215 (38.5)      67 (40.9)    148 (37.5)                                                  201 (39.1)   14 (31.1)   
  University level                241 (43.1)      85 (51.8)    156 (39.5)                                                  228 (44.4)   13 (28.9)   
  **Donation status**                                                       0.019^[b](#fn40706){ref-type="table-fn"}^                               0.043^[b](#fn40706){ref-type="table-fn"}^
  First-time                      107 (19.1)      42 (25.6)    65 (16.5)                                                   103 (20.0)   4 (8.9)     
  Lapsed                          163 (29.2)      50 (30.5)    113 (28.6)                                                  153 (29.8)   10 (22.2)   
  Regular                         289 (51.7)      72 (43.9)    217 (54.9)                                                  258 (50.2)   31 (68.9)   

^a^Fisher exact test.

^b^χ^2^ test.

![Age-Specific Seroprevalence of Hepatitis A Virus and Hepatitis E Virus Among Blood Donors](hepatmon-16-01-32215-i001){#fig27994}

5. Discussion {#sec147841}
=============

Scares data is available regarding the seroprevalence of HAV and HEV among Iranian blood donors. Investigation of the HAV and HEV seroprevalence has often been conducted on the blood donor population because of convenience and access to a large sample size. They are generally considered a healthier segment of the community and have been used as a surrogate study population for the prevalence of infections in the community. On the other hand, first-time blood donors have more similarity regarding infectious diseases prevalence to the general population. Iran is located in an endemic region for both HAV and HEV infections, according to centers for disease control and prevention (CDC) data ([@A32215R18], [@A32215R19]). This study found that about 70% of donors in Tehran were HAV-seropositive. Previous studies among Iranian blood donors showed 86% and 94.9% of HAV seropositivity in Tehran and Qazvin provinces ([@A32215R20], [@A32215R21]). The current study showed that 8% of Tehran blood donors were positive for anti-HEV. Previous studies reported different HEV seroprevalence among Iranian blood donors. Studies among blood donors from Tehran, West Azarbaijan (Northwest Iran), Khuzestan (Southwest Iran) and Markazi (Center of Iran) provinces showed 7.7%, 7.8%, 11.5% and 14.3% for HEV seropositivity, respectively ([@A32215R11], [@A32215R22]-[@A32215R24]). There are a few studies on HAV seroprevalence in the general population of Iran. In 2006, a multicenter study by Merat et al. ([@A32215R25]) showed that the seroprevalence of HAV was 85%, 96% and 99% in Tehran, Hormozgan and Golestan provinces, respectively. Another study on 1018 children (six months to 14.9 years) referred to Tehran pediatrics hospitals in 2002 showed 22.3% HAV seropositivity. The seroprevalence did not differ significantly between males and females and for different age groups ([@A32215R26]). Taghavi et al. ([@A32215R27]) reported anti-HAV seropositivity of 88.2% among the adult population in Fars province (Southern Iran) between 2008 and 2009. Another population-based study in 2011 from Tehran found that the overall seroprevalence of anti-HEV and anti-HAV were 9.3% and 90%, respectively ([@A32215R28]). The present study found that HAV seroprevalence increased by age, on the other hand only 26.7% of donors in the 18-27 age group were HAV-seropositive. Moreover, age specific seroprevalence of hepatitis A in Sari, northern Iran, revealed that 39% of 1 - 25 year-old subjects were seropositive for HAV-IgG in 2007. The authors declared that seroprevalence significantly increased with age ([@A32215R29]). A study among a group of patients with chronic liver disease in Jahrom City of Iran showed HAV seroprevalence of 79.2%; patients aged 20-30 years had the lowest (28.3%) anti-HAV seropositivity and those aged \>50 years had the highest (95%) rate of seropositivity ([@A32215R30]). A meta-analysis in Iran found that HAV seroprevalence increased significantly with age where 32% and 67% of individuals under 20 and more than 30 years of age were HAV-seropositive, respectively ([@A32215R31]). A study among a group of hemophilia and thalassemia patients with HCV infection showed 74.9% and 2.7% for HAV and HEV seropositivity ([@A32215R32]). Ultimately, low HAV seroprevalence among the young-aged group of donors in this study may be a result of improved social sanitary conditions and access to improved water sources during the recent years. Two studies from Turkey showed a marked decrease in the prevalence of anti-HAV as well ([@A32215R33], [@A32215R34]). A significant decrease in the seroprevalence of HAV was reported in 2008 (18.6%) among Saudi children and adolescents as compared to 52% and 25% reported in 1989 and 1997, respectively ([@A32215R35]). A study from Yemen showed an overall seroprevalence of 86.6% for HAV seropositivity ([@A32215R36]).

Previous studies regarding HEV prevalence in the general population of Iran showed different results. A study conducted in 2006, reported 7.4% for HEV seropositivity in Tehran and Golestan provinces ([@A32215R37]). Another study from Golestan found HEV seropositivity of 11.8% ([@A32215R38]). Saffar et al. ([@A32215R39]) found HEV seropositivity of 2.3% in randomly selected apparently healthy 2 - 25 year-olds from urban and rural regions of the Sari district, North of Iran. Another population-based study from Nahavand city, western Iran, found HEV seroprevalence of 9.3% among individuals aged more than six years in 2003 ([@A32215R40]). The author clearly declared that HEV infection is at intermediate prevalence in Nahavand city. Anti-HEV IgG was detected in 18.7% of blood donors in Mecca, Saudi Arabia ([@A32215R41]). A population-based study from Yemen found anti-HEV in 10.7% of participants; ranging between 0% in infants to 15.3% among individuals \>18 years old ([@A32215R36]). A study from Egypt found HEV seropositivity of 46.7% among pregnant women; this rate was significantly higher in rural areas than in urban areas (78.58% vs. 21.42%) ([@A32215R42]). These findings showed that the prevalence of HEV antibodies in our study is less than most countries in the Middle East. Recent studies, with sensitive assays from the United States, southwest England, Germany, Denmark, Netherlands and the southwest of France among blood donors showed 16%, 17%, 21%, 27% and 52% for HEV seroprevalence, respectively ([@A32215R43]). In the present study, the rate of HEV seropositivity increased with age. This finding was obtained by similar studies ([@A32215R28], [@A32215R44], [@A32215R45]).

We found that 7.2% of subjects were seropositive for both HAV and HEV. Similar results were found in the study of Mohebbi et al. ([@A32215R28]). It seems that similar routes for transmission of HEV and HAV, such as using drinking water from wells or streams, which are not treated and probably polluted, and living in areas with improper sanitary conditions, might facilitate this phenomenon. Although Iran is still considered an endemic region for HAV infection, its prevalence has decreased in the recent years. On the other hand, according to the results of the current study, more than 70% of young donors (\< 27 years old) were HAV-seronegative. This may be the result of improvements in human hygiene level, promoted health educational propagation and using preventive strategies for HAV infection. In the current study, the seroprevalence of hepatitis A and hepatitis E in regular donors was more than lapsed and first-time donors, which can be the result of the fact that regular donors were older than lapsed and first-time donors.

In conclusion, given that HAV infection is often symptomatic in adulthood, vaccination of children can be considered. Based on these findings, we unequivocally revealed that the Iranian people are susceptible to hepatitis A, and ultimately, HAV vaccinations should be offered. Furthermore, evaluation of HAV prevalence in different provinces of Iran seems to be crucial for establishment of preventive measures. Hepatitis E Virus can be transmitted through blood products from asymptomatic donors with low-level viremia. Importantly, with regards to the possible severe consequences of transfusion-associated transmission of HEV, especially in immunocompromised patients, the necessity of screening for HEV RNA needs to be revisited in countries with a high HEV prevalence.
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